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5.11>DIHYDRO- 6g-DIPYRIDOr3^ft;2\3'-g1AZEPINE-6>ONES 
AND THEIR USE IN THE PREVENTION OR TREATMENT OF fflV INFECTION 

Field of the Invention 

The invention relates to novel 5,1 l-dihydro-6//-dipyrido[3,2-A;2*,3'-e]azepine-6-ones and 
pharmaceutically acceptable salts thereof, methods for preparing these compounds, the use of 
these compounds either alone or in combination with other anti-virals. immunomodulators, 
antibiotics, anti-infectives, or vaccines in the prevention or treatment of HIV infection, and to 
pharmaceutical compositions containing these compounds. 

Background of the Invention 

The human disease. Acquired Immune Deficiency Syndrome (AIDS), is caused by the Human 
Immunodeficiency Virus (HIV), particularly the strain known as HIV-1. 

Like other viruses, HTV-1 cannot replicate without commandeering the biosynthetic apparatus 
of the host cell it infects. It causes this apparatus to produce the structural proteins which 
make \xp the viral progeny. These proteins are coded for by the genetic material contained 
within the infecting virus particle, or virion. Being a retrovirus, however, the genetic material 
of HIV is RNA, not DNA as in the host cell's genome. Accordingly, the viral RNA must first 
be converted into DNA, and then integrated into the host cell's genome, in order for the host 
cell to produce the required viral proteins. The conversion of the RNA to DNA is 
accomplished through the use of the enzyme reverse U-anscriptase (RT), which is included 
within the infecting virion along with the RNA. Reverse transcriptase has three known 
enzymatic functions; it acts as an RNA-dependent DNA polymerase, as a ribonuclease, and as 
a DNA-dependent DNA polymerase. Acting first as an RNA-dependent DNA polymerase, 
RT makes a single-stranded DNA copy of the viral RNA. Acting as a ribonuclease, RT frees 
the DNA just produced from the original viral RNA and destroys the original RNA. Finally, 
acting as a DNA-dependent DNA polymerase, RT makes a second, complementary DNA 
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Strand, using the first DNA strand as a template. The two strands form double-stranded 
DN A, which is integrated into the host cell's genome by another enzyme called integrase. 

Compounds which inhibit the enzymatic functions of HIV- 1 reverse transcriptase will inhibit 
replication of HIV- 1 in infected cells. 

A number of compounds that inhibit the enzymatic functions of HIV- 1 reverse transcriptase 
are known. One class of known HIV-1 RT inhibitors is the nucleoside analogs. This class 
includes 3 -azido-3 -deoxythymidine (AZT), 2',3*-dideoxyinosine (ddl), and 2\3 -dideoxy- 
cytidine (ddC). Another class is the non-nucleoside analogs* This class includes, inter alia, 
nevirapine, which is ll-cyclopropyl-5,ll-dihydro-4-methyl-6H-dipyrido[3,2-fr:2\3'-e][l,4]- 
diazepin-6-one. Nevirapine and other paricularly relevant compounds of the non-nucleoside 
class are described in U.S. Patent 5,366,972; by Hargrave et al. ,"Novel Non-Nucleoside 
Inhibitors of HIV-1 Reverse Transcriptose. 1. Tricyclic Pyridobenzo- and Dipyridodiazepi- 
nones", 7. Med. Chem,, 34, 2231 (1991); and by Proudfoot et al., "Novel Non-Nucleoside 
Inhibitors of HIV-1 Reverse Transcriptase. 4. 2 -Substituted Dipyridodiazepinones are Potent 
Inhibitors of both Wild Type and Cysteine-181 HIV-1 Reverse Transcriptase Enzymes". 7. 
Med Chem,, 38, 4830-4838 (1995). 

Object of the Invention 

As with any anti-viral therapy, use of RT inhibitors in the treatment of HIV- 1 infection tends 
to produce virus which is less sensitive to the given drug. Resistance (reduced sensitivity) to 
these drugs is the result of mutations which occur in the reverse transcriptase segment of the 
pol gene. 

The object of the present invention is to provide improved, non-nucleoside inhibitors of HTV- 
1 RT which are more potent against mutant strains of HIV-1 than die known compounds of 
this class. 

-2- 
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The compounds of the present invention satisfy tiiis object in that they are highly potent 
against not only the wild-type (non-mutated) virus RT enzyme, but are also effective against 
the Y181C mutant [in which the tyrosine (Y) at codon 181 has been mutated to a cysteine (C) 
residue] which has been the most commonly observed mutant in clinical studies following 
therapy with many non-nucleoside reverse transcriptase inhibitors. 

Sunmiary of the Invention 

A first aspect of the invention comprises novel 5,ll-dihydro-6^-dipyrido[3,2-i»:2',3"- 
e]azepine-6-ones. These possess inhibitory activity against bodi wild-type and mutant HIV-1 
RT. A second aspect of the invention comprises methods for making these novel compounds. 
A third aspect of tiie invention is a metiiod for inhibiting replication of HIV-l in a human 
host infected by HIV- 1 . A fourth aspect of the invention is a method for preventing or 
treating HIV- 1 infection which comprises administering, to a human being exposed to or 
infected by HIV-1. a prophylactically or therapeutically effective amount of one of tiie above- 
mentioned novel compounds, either alone or in combination witii other anti-viral agents, 
irmnunomodulators. antibiotics, anti-infectives. or vaccines. A final aspect of the invention 
comprises pharmaceutical compositions suitable for the prevention or treatment of HIV-1 
infection comprising tiie above-mentioned compounds. 



-3- 
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Description the Invention 

In one of its composition of matter aspects, the invention comprises 5,1 l-dihydro-6ff- 
dipyrido[3,2-fc:2',3'-e]azepine-6-ones of formula 1 




1 

wherein: 



X is an oxygen atom or nothing; 



R' is hydrogen, alkyl of 1 to 4 carbon atoms, fluoroalkyl of 1 to 4 carbon atoms and 1 to 3 
fludrine atoms, cycloalkyl of 3 to 6 carbon atoms, alkylthio of 1 to 2 carbon atoms, alkyloxy 
of 1 to 2 carbon atoms, oxetanyl, thietanyl, tetrahydrofuranyl, tetrahydrothienyl, 
tetrahydropyranyl, tetrahydrothiopyranyl, alkenylmethyl or alkynylmethyl of 3 to 4 carbon 
atoms, alkyloxyalkyl or alkylthioalkyl of 2 to 3 carbon atoms, alkanoyl or alkyl(thiocaibonyl) 
of 2 to 5 carbon atoms, or cyanoalkyl of 2 to 3 caibon atoms; 



is hydrogen, methyl or ethyl; 

R' is a hydrogen atom, alkyl of 1 to 6 carbon atoms, cycloalkyl of 3 to 6 carbon atoms, 
alkenyl or alkynyl of 2 to 6 carbon atoms, trihalomethyl. hydroxyalkyl of 1 to 6 caibon atoms, 
alkyloxy or alkylthio of 2 to 6 carbon atoms, alkyloxyalkyl or alkylthioalkyl of 2 to 6 carbon 
atoms, pyrrolidinyl. pyrrolinyl. piperidinyl, mono- or di-alkylamino wherein each alkyl 
moiety contains 1 to 3 carbon atoms, halogen, cyano, nitro, or carboxyl, aryl (wherein aryl is 
phenyl, pyridinyl. thienyl. furanyl, pyrrolyl, imidazolyl, pyrazolyl, oxazolyl, isoxazolyl, 

-4- 
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thiazolyl or isothiazolyl) which is either unsubstituted or substituted by hydroxyl. amino, 
halogen, alkyl or alkyloxy of 1 to 3 carbon atoms. 



A subgeneiic aspect of the invention comprises compounds of formula 1, wherein: 
X is nothing; 

R' is hydrogen, alkyl of 1 to 3 carbon atoms, cycloalkyl of 3 to 4 carbon atoms, alkylthio of 1 
to 2 carbon atoms; 

is hydrogen, methyl or ethyl; 

R' is a hydrogen atom, methyl, trihalomethyl, alkyloxy or alkylthio of 1 to 2 carbon atoms, 
pyiTolidinyl, pyrrolinyl, piperidinyl, di-alkylamino wherein each alkyl moiety contains 1 to 2 
carbon atoms, halogen, cyano, aiyl (wherein aiyl is phenyl, pyridinyl, thienyl. furanyl, 
pynolyl, imidazolyl, pyiazolyl, oxazolyl, isoxazolyl. thiazolyl or isothiazolyl) which is either 
unsubstituted or substituted by hydroxyl. amino, halogen, alkyl or alkyloxy of 1 to 3 carbon 
atoms. 



A particular subgeneric aspect of the mvention comprises compounds of formula 1, wherein: 
X is nothing; 

R' is ethyl, cyclopropyl, or methylthio; 
R^ is hydrogen; 

-5- 
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is hydrogen, chloro. methoxy or 4-pyrazolyl. 



Preferred compounds of formula 1 are: 



5-methym-^thyl-2-(4-pyrazolyl)- 5,1 l-dihydro-6H-dipyrido[3,2-fc:2',3'-e]azepine; 
5-methyl-l l-ethyl-2-methoxy-5,l l-dihydro-6H-dipyrido[3,2&:2\3*-g] 
Synthesis Of Compounds Of Formu la 1 And Their Salts> 

The compounds of Formula 1 and their salts can be prepared by known methods, or ol 
modifications thereof, in accordance with the general synthetic scheme shown below. 
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KOOC 





R3 = H. CI, OMe 
R4 = CI, Br 



R3 = H, CI. OMe 
R4 = CI,Br 




R3 = H, CI. OMe 
R4 = CI. Br 
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Method A 

Compounds of formula 1 




wherein R' through R^are as defined above, and R' and R' are not both hydrogen maybe 
obtained from a compound of formula 1 wherein one of R' or rMs hydrogen by conversion 
to the corresponding, wherein represents an alkali metal such as lithium, sodium or 
potassium, in an inert solvent such as TETRAHYDROFURAN. DMSO or the like, and 
subsequently reacting it with a compound of formula R'-X wherein R' is as previously 
defined, and X is the radical of a reactive ester, a halogpn atom, methanesulfonyloxy, 
trifluoromethanesulfonyloxy or an aromatic sulfonyloxy group. 




R1 H 





R1 R2 
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Compounds of formula 1 



.0 




R1 H 



wherein R. through R3are as defined above, may be obtained from a compound of formula 2 
by deoxygenation with reagents such as phosphorus trichloride in an inert solvent such as 
chloroform, or Lawessons reagent in an inert solvent such as toluene at some temperature 
between room temperature and the boiling point of the solvent. 




Compounds of formula 2 



CH3 .0 



0 



3 

wherein R. through R^are as defined above, may be obtained from a compound of fonnula 3 
wherein R' through R^ are as defined above, and R^ is a chloro or bromo substituent. by 
conversion to the corresponding metal salt 4. wherein represents an alkali metal such 
lithium, sodium or potassium, in an inert solvent such as TETRAHYDROFURAN. DMSO 



as 

or 
-9- 
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the like, and subsequently reacting the cyclized intermediate 5 with a compound of formula 
R'-X wherein R' is as previously defined and X is the radical of a reactive ester, a halogen 
1. methanesulfonyloxy, trifluoromethanesulfonyloxy or an aromatic sulfonyloxy group, or 



atom. 



by reacting 



5 with a compound of formula R'-S-S-R' wherein R' is as previously defined. 



CH3 .0 



/ 
O 



CH3 P 
N — V 



M+ O 






6 



Compounds of formula 3 



P 
N *C 




7 

wherein R^ and R* are as described above may be obtained from a compound of formula 7 by 

reaction with hydrogen peroxide in acetic acid at the boiling point of the solvent. 

-10- 
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2.Chloronicotinic acid amides of general formula 7 can be obtained by condensation of 2- 
methylnicotinic acid chloride with an appropriately substituted 3-amino-2-halopyridine. under 
well known reaction conditions. 

All the other starting materials needed to prepare compounds of the formula 1 are known 
from the literature, or may be purchased, or may be obtained by procedures known fiom the 
literature. 

Fomation Of Salts AnH Other DerivafivAc 

Compounds of formula 1 may. if desired, be converted into their non-toxic, pharmaceutically 
acceptable addition salts by conventional methods; for example, by dissolving a compound of 
formula 1 in a suitable solvent and treating the solution with one or more molar equivalents of 
the desired acid or base, as appropriate. The invention also comprises such salts. 

Examples of inorganic and organic acids which may foim nontoxic, phaimaceutically accep- 
table acid addition salts with a compound of the formula 1 are the following: hydrochloric 
acid, hydrobromic acid, sulfuric acid, phosphoric acid, nitric acid, methanesulfonic acid, 
tartaric acid, fumaric acid, acetic acid, and the like. Examples of inorganic and organic bases 
which may form nontoxic, pharmaceutically acceptable basic addition salts with a compound 
of the formula 1 are the following: sodium hydroxide, potassium hydroxide, magnesium hy- 
droxide, ammonia. tix>methamine. and the like. Compounds of formula 1 may form addition 
salts with one molar equivalent of the acid or base, as appropriate. 

It will be obvious to tiiose skilled in the art that in some instances the reactions described in 
Metiiods A to H cannot be effected in the presence of reactive intermediates incompatible 
witi, the reaction conditions. In such cases, the reactive substituent must first be derivatized 
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Via known per se methods to contain a suitable protective group, which can then be subse- 
quently removed. 

Wirtlftf Tical Properties 

The above described compounds of formula 1 possess inhibitory activity against HIV-1 
reverse transcriptase. By inhibiting HIV-1 reverse transcriptase, they ultimately inhibit or 
suppress the ability of the virus to integrate its genome into the genome of potential host cells, 
which, in turn, inhibits or suppresses viral replication. When administered in suitable dosage 
forms, alone or in combination with other anti-virals, immunomodulators, antibiotics, anti- 
infectives, or vaccines, they are. thus, useful in the prevention or treatment of HIV-1 
infection. Another aspect of tiie invention, therefore, is a metiiod for preventing or treating 
HIV-1 infection which comprises administering to a human being, exposed to or infected by 
mV-l, a prophylactically or therapeutically effective amount of a novel compound of formula 
1, as described above. 



the term is used herein, infection by HIV-1 constitutes tiie replication of HIV-1 inahuman 



As 
host. 



As tiie term is used herein, tiie treatment of HIV-1 infection comprises tiie partial or total 
inhibition or suppression of replication of HIV-1 in a human host in whom replication of tiie 
virus has already begun to take place. 

As tiie term is used herein, tiie prevention of HIV- 1 infection comprises tiie complete preven- 
tion of tiie establishment of viral replication in a human host who has been exposed to HIV-1 
but in whom repUcation of tiie virus has not yet begun to take place. 
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The compounds of the present invention are effective agents for the treatment of HIV-1 in- 
fection by virtue of their ability to partially or totally inhibit or suppress replication of HIV- 1 
in an infected human host. 



When used to treat HIV-1 infection, the compounds of the present invention can be admini- 
stered either before or after the onset of clinical manifestations of HIV- 1 infection, such as 
ARC or AIDS. 

The compounds of the present invention are effective for the prevention of HIV-1 infection in 
humans, by virtue of their ability to prevent the establishment of viral replication in a human 
host who has been exposed to HIV-1 but in whom leplication of the virus has not yet begun 
to take place. 

Tht compounds of formula 1 may be administered in single or divided doses by the oral, pa- 
renteral or topical routes. A suitable oral dosage for acompound of fonnula 1 would be in 
the range of about 100mgto3gperday. A prefened oral dosage for a compomid of formula 
1 would be the maximum tolerated dose, which would typically be in the range of between 
about 200 mg and 2 g per day. In parenteral formulations, a suitable dosage unit may contain 
from 0.1 to 250 mg of said compounds, preferably 1 mg to 200 mg, whereas for topical 
administration, fonnulations containing 0.01 to 1% active ingredient aie piefened. It should 
be understood, however, that the dosage administration fiom patient to patient will vary and 
the dosage for any particular patient wUl depend upon the clinician's judgement, who will 
as criteria for fixing a proper dosage the size and condition of the patient as well as the 
patient's re^onse to the drug. 



use 



When the compounds of the present invention are to be administered by the oral route, they 
may be administered as medicaments in the form of pharmaceutical preparations which 
contain them in association witii a compatible pharmaceutical carrier material. Such carrier 

-13- 
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material can be an inert organic or inorganic carrier material suiuble for oral administration. 
Examples of such carrier materials are water, gelatin, talc, starch, magnesitmi stearate. gum 
arable, vegetable oils, polyalkylene-glycols, petroleum jelly and the like. 

The pharmaceutical preparations can be prepared in a conventional manner and finished 
dosage forms can be soUd dosage forms, for example, tablets, dragees. capsules, and die like, 
or liquid dosage forms, for example solutions, suspensions, emulsions and the like. The 
pharmaceutical preparations may be subjected to conventional pharmaceutical operations 
such as sterilization. Further, the pharmaceutical preparations may contain conventional 
adjuvants such as preservatives, stabilizers, emulsifiers, flavor-improvers, wetting agents, 
buffers, salts for varying the osmotic pressure and the like. Solid carrier material which can 
be used include, for example, stareh. lactose, mannitol, metiiyl cellulose, microcrystalline 
ceUulose, talc, silica, dibasic calcium phosphate, and high molecular weight polymers (such 
as polyethylene glycol). 

For parenteral use. a compound of formula 1 can be administered in an aqueous or non- 
aqueous solution, suspension or emulsion in a pharmaceutically acceptable oil or a mixture of 
liquids, which may contain bacteriostatic agents, antioxidants, preservatives, buffers or other 
solutes to render die solution isotonic witii the blood, tiiickening agents, suspending agents or 
other pharmaceutically acceptable additives. Additives of this type include, for example, 
tartrate, citrate and acetate buffers, ethanol. propylene glycol, polyethylene glycol, complex 
formers (such as EDTA). antioxidants (such as sodium bisulfite, sodium metabisulfite, and 
ascorbic acid), high molecular weight polymers (such as liquid polyediylene oxides) for 
viscosity regulation and polyediylene derivatives of sorbitol anhydrides. Preservatives may 
also be added if necessary, such as benzoic acid, metiiyl or propyl paraben, benzalkonium 
chloride and other quaternary ammonium compounds. 
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lication 



The compounds of this invention may also be administered as solutions for nasal appli 
and may contain in addition to the compounds of this invention suitable buffers, tonicity 
adjustens. microbial preservatives, antioxidants and viscosity-increasing agents in an aqueous 
vehicle. Examples of agents used to increase viscosity are polyvinyl alcohol, cellulose 
derivatives, polyvinylpyrrolidone, polysorbates or glycerin. Microbial preservatives added 
may include benzalkonium chloride, tiumeiosal, chloro-butanol or phenyletiiyl alcohol. 



Additionally, tiie compounds provided by the invention can be administered by 



suppository. 



The compounds of the invention may be administered eiUier alone or in combination wiUi 
other anti-vinds, immunomodulators. antibiotics, anti-infcctives. or vaccines. For example 
the compounds of the invention may be admmistered in combination with one or more of tiie 
known nucleoside analog HIV reverse transcriptase inhibitor., such as AZT, ddl and ddC. 
other non-nucleoside HIV reverse transcriptase inhibitors, or HIV protease inhibitors. 

As stated before, the compounds provided by the invention inhibit die enzymatic activity of 
mv-l RT. Based upon testing of these compounds, as described below, it is known tiiat they 
inhibit die RNA-dependentDNA polymerase activity ofHIV-1 RT. It is known (data not 
shown) that tiiey also inhibit the DNA-dependent DNA polymerase activity of HIV-1 RT. 

Utilizing die Reverse Transcriptase (RT) Assay described below, compounds can be tested 
for their abUity to inhibit Uie RNA-dependent DNA polymerase activity of HIV-1 RT. 
Certain specific compounds described in die Examples which appear below, were so tested. 
The results of tiiis testmg appear in Table I, below. 
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RFVF.RSHTRANSCRTPTASE (RT) ASSAYS 



vlou: 
use 



Assay Theory: 

Among the enzymes for which Human Iimnunodeficiency Virus (HIV-1) encodes is a reverse 
transcriptase (1), so-named because it transcribes a DNA copy from an RNA template. This 
activity can be quantitatively measured in a ceU-free enzyme assay, which has been pre- 
isly described (2), and is based upon the observation that reverse transcriptase is able to 
a synthetic template [poly r(C) primed with oligo d(G)l to transcribe a radio-labeUed, 
acid-precipitable DNA strand utiUzing 'H-dGTP as a substrate. The assay described below 
utilizes die wild type (WT) enzyme, which is the predominant form of the enzyme observed 
in patients infected with HIV-1. Utilization of mutant RT enzymes (Y181C and Y181L, 
prepared by site-directed mutagenesis in which the tyrosine residue at codon 181 has been 
replaced by a cysteine or a leucine residue, respectively) and analogous assay conditions 
allows compounds to be evaluated for their effectiveness at inhibiting tiiese mutant enzymes. 



Materials: 

a) Preparation of the wild type enzyme 

Reverse transcriptase enzyme from the LAV strain of Human Immunodeficiency Virus (HIV- 
1) (1) was isolated from the bacterial strain JM109 (3) expressing the DNA clone pBRTprtl+ 
(2) which is under the control of the lac promotor in the expression vector pBEl (4). An 
overnight culture grown in 2XYT medium (37»C. 225 rpm) (5) supplemented with 100 H 
g/mL ampicilUn for positive selection is inoculated at a 1 :40 dilution into M9 medimn supp- 
lemented with lO^ig/mL thiamine. 0.5% casamino acids, and 50 ^ig/mL ampiciUin (5). The 
culture is incubated OTC, 225 rpm) until it reaches an OD540 of 0.3-0.4. At that time the 
repressor inhibitor IPTG (isopropyl P-D-diiogalactopyranoside) is added to 0.5mM. and the 
mixture is incubated for 2 additional hours. Bacteria are pelleted, resuspended in a 50mM 
Tris. 0.6mM EDTA. 0.375M NaCl buffer and digested by the addition of lysozyme (Img/mL) 
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for 30 minutes on ice. The cells are lysed by the addition of 0.2% NP.40 and brought to IM 
NaCl. 



After removal of the insoluble debris by centrifugation. the protein is precipitated by the 
addition of 3 volumes of saturated aqueous anunonium sulfate. The enzyme is pelleted, 
resuspended in RT buffer (50mM Tris pH 7.5. ImM EDTA, 5mM mr, 0. 1% NP-40. 0. IM 
NaCl, and 50% glycerol), and stored at -70T for further use. 



b) Composition of 2X concentrated stock reaction 



mixture 



Stock Reagent 


2XMix 
Concentration 


IM Tris pH 7.4 


lOOmM 


IM Dithiothrietol 


40mM 


IMNaCl 


120mM 


1% Nonidet P-40 


0.1% 


IMMgCl 


4mM 


_[polyr(C)/oligod(G)K5:n 


2ug/mL 


'H-DfiTP (81iiM) 


0.6uM 



Assay Procedure: 

The 2X concentrated stock reaction mixture is aliquoted and stored at -20°C. The mixture is 
stable and thawed for use in each assay. This enzyme assay has been adapted to a 96 well 
microtiter plate system, and has been previously described (6). Tris buffer (50 mM, pH 7.4), 
vehicle (solvent diluted to match the compound dilution), or compounds in vehicle are 
dispensed into 96-well microtiter plates (lOniywell; 3 wells/ compound). The HIV-1 RT 
enzyme is diawed, diluted in SQmM Tris pH 7.4 so that fifteen of diluted enzyme contain 
0.001 Unit (one unit is that amount of enzyme to transform 1 micromole of substrate per 
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minute at 25°C). and fifteen ^iL are dispensed per well. Twenty pL of 0. 12-0.5M EDTA are 
added to the first three wells of the microtiter plate. EDTA chelates the Mg** present and 
prevents reverse transcription. This group serves as background polymerization which is 
subtracted from all other groups. Twenty-five pi of the 2X reaction mixture are added to all 
wells and tiie assay is allowed to incubate at room temperature for 60 minutes. The assay is 
terminated by precipitating the DNA in each well with 50jiL of 10% trichloracetic acid 
(TCA) (10% w/v) in sodium pyrophosphate (1% w/v). The microtiter plate is incubated for 
15 minutes at 4»C and the precipitate is fixed onto #30 glass fiber paper (Schleicher & 
Schuell) using a Skatron semi-automatic harvester. The filters are then washed with 
additional TCA (5%) containing sodium pyrophosphate (1%), rinsed with aqueous ethanol 
(70%), dried, and transferred to scmtiUation vials (6). Each vial receives 2 mL of scintillation 
cocktail and is counted in a Beckman beta counter. The calculation for percent inhibition is 
as follows: 

% inhibition = rPM Mean Test Value - CPM Mean Control Value XlOO 

CPM Mean Control Value 



References: 
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5. Maniatis. T, Fritsch, E.F., and J. Sambrook, eds. Molecular Cloning: A Laboratory 
Manual, Cold Spring Harbor Laboratory, 1982 

6. Spira, T., et. al. / Clinical Microbiology, 25:97, 1987. 
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TABLE I 


Compound of 
Example No 


Reverse Transcriptase Assay 
% inhibition (1 jiM) 


WT 


Y181C 


1 


68% 


34% 


2 


62% 


14% 


3 


64% 


0% 


4 


68% 


9% 


5 


62% 


18% 


6 


62% 


15% 


7 


75% 


21% 


8 


84% 


24% 


9 


66% 


26% 


10 


91% 


46% 


11 


80% 


33% 


12 


41% 


30% 


13 


80% 


56% 



Examples. 

The following examples further illustrate the present invention and will enable others skiUed 
in the art to understand it more completely. It should be understood, however, that the in- 
vention is not limited to the particular examples given below. 
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Example 1 

S, 1unihvdro-ll-^-thvl-5>methvl- in,nxn-6ff-dipv^ 




P 




N-(2-chloro-3-pyridinyI)-2-inethylnicotinainide. 

Toasuspension ofpotassium2-inethylnicotinate (1.82 g) in chloroform (30 mL) wasadded 
thionyl chloride (2.0 mL). The mixture was stirred overnight at room temperature under a 
drying tube. The solvent was evaporated and the residue was taken up in ethyl acetate. 3- 
Amino-2-chloropyridine (1.28 g) was added foUowed by diisopropylethylamine (4.0 mL). The 
reaction mixture was stirred at room temperature under a drying tube for 3 hour.. The mixture 
was dUuted with chloroform, washed with water, dried (Na2S04). filtered, and evaporated 
Chromatography of the residue over sUica gel (ethyl acetate / hexane) gave N-(2-<:hloro-3- 
pyridinyl)-2-methyInicotinanude (1.94 g). 
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N.(2-chIoro-3-pyridinyl)-N.inethy|.2.methyInicotinaiiiide. 

To a stirred solution of N-(2-chloro-3-pyridinyl)-2-methylnicotinamide (1.48 g) in DMSO (20 
mL) was added NaH (60% in oil, 0.26 g). After 20 minutes, methyl iodide (0.45 mL) was 
added, and stirring was continued for 30 minutes. The mixture was diluted with ethyl acetate, 
washed with water, dried (Na2S04), filtered, and evaporated. Chromatography of the residue 
over sUica gel (ediyl acetate / hexane) gave N-(2-chloro-3-pyridinyl).N-methyl-2- 
methyhiicotinamide (1.51 g). 

N-(2-chlonH3.pyridinyl).N.metiiyl.2.inethyliiicotinamideN.oxide. 

A mixture of N-(2-chloro-3-pyridinyl)-N-methyl-2-methylnicotinamide (1.86 g) and H2O2 
(30%. 5 mL) in acetic acid (10 mL) was heated at 1 10 oc for 75 minutes. The solvents were 
evaporated under reduced pressure. Chromatography of the residue over basic alumina 
(chloroform / ethanol) gave N-(2-chloro-3-pyridinyl)-N-methyl-2-methytaicotmamide N-oxide 
as an oil which ciystallized on trituration with isopropyl ether / ethyl acetate, (1.42 g). 

5,ll.dihydro.ll^yI.5.iiiethy|.10K>xodipyrid[3,2.b:2',3'.e]azepine-6.one. 

To a stirred solution of N-(2-chloro-3-pyridinyl)-N.methyl-2-methylnicotinamide N-oxide 
(1.11 g) in tetrahydrofuran (15 mL) under nitrogen, cooled on ice, was added dtopwise 
potassium tert-butoxide (IM in tetrahydrofuran. 8.5 mL) over 5 minutes. The mixwre was 
aUowed to warm to room temperature, stirred for 30 minutes, and ethyl iodide (0.35 mL) was 
added. After 90 minutes, the mixture was diluted with chloroform, and washed with water. The 
aqueous phase was back extracted with chloroform and the combined organic phase was dried 
(Na2S04), filtered, and evaporated. Chromatography of the residue over basic alumina 
(methylene chloride /ethanol) gave 5,1 l-dihydro-l l-ethyl-5-methyl-10oxodipyrid[3,2-b:2'.3'- 
e]azepine-6-one (0.75 g). 
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Rxamole 2 

S , 11 -nihvdro- 1 1 ■e.thvl-5-inetb vHipvridor3.2-h?' ^'-elazepine-e-one. 




To a solution of 5.1 l-dihy(lro-ll-ethyl-5-methyl4()^xodipyridot3>b:2\3'-e]azepine-6^^^ 
(0.328 g) in chloroform (10 mL) cooled on ice was added phosphorus trichloride (l.OmL). The 
mixture was heated under reflux for 10 minutes, cooled, and added to aqueous NaOH (15% 
solution. 10 mL). Chloroform (50 mL) was added, and the organic phase was separated, dried 
(Na2S04). filtered, and evaporated. Chromatography of the residue over silica gel (ethyl acetate 
/ ethanol) gave 5.1 1-dihydro-l l.ethyl-5-methyldipyrido[3,2-b:2\3'-e]azepine-6-one (0.209 g). 
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Example 3. 

5,11-DihYdro-l l-propvl-5-methvl(1ipvridor3 2-h ?- V - elazenine-fi-nn^.. 




S41-dihydn).ll.propyI-5.methyI.10H>xodipyrid[3^b:2'^'^]azepine-6M>ne 

To a stirred soluUon of N-(2K:hloro-3-pyridinyl)-N-methyl-2-methylnicotinainide N-oxide 
(0.553 g) in tetrahydrofuran (10 mL) under nitrogen, cooled on ice. was added dropwise sodium 
bis(trimethylsUyl)amide(lMintetrahydrofuran.5 mL). After 5 minutes the mixture was 
allowed to wann to room temperature, and propyl iodide (0.30 mL) was added. After 3 houns, 
water was added, the mixture was diluted with chloroform, and the organic phase was separated, 
washed, dried (Na2S04). filtered, and evaporated. Chromatography of the residue over basic 
alumina (chloroform / ethanol)) gave 5.1 1-dihydro-l l-propyl-5-methyl.iaoxodipyrid[3.2- 
b:2*.3'.e]azepine-6-one (0.255 g) which was used direcUy in the next step. 

5,ll-dihydro-ll.propy|.S.methyI.dipyrid[3>b:2y».e]azepine-6-one 
To a solution of 5. 1 1-dihydro-l l-propyl-5.methyl.lO-oxodipyrido[3,2-b:2',3'-e]azepine-6-one 
(0.255 g) in chloroform (10 mL) cooled on ice was added phosphorus trichloride (0.3 mL). The 
mixture was heated under reflux for 10 minutes, cooled, and quenched with aqueous NaOH (5% 
solution). Chloroform (50 mL) was added, and the organic phase was separated, dried 
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(Na2S04), filtered, and evaporated. Chromatography of the residue over silica gel (ethyl acetate 
/ hexane) gave 5.1 l-dihydro-ll-propyl-5-methyldipyrido[3,2-b:2'.3'-e]azepine-6-one (0.10 g). 

Example 4. 

s , n -nihvdro-l 1 -ethvl- 1 1 -methvl-5-methvldipvp dnr^.2-h:2' 3'-elazepine-6-one 





To a solution of 5,11-dihydro-ll-ethyl -5-methyldipyrido[3,2-b:2',3'-e]azepine-6-one (0.10 g) 
in DMSO (1 mL) stirred under nitrogen was added potassium tert-butoxide (IM in 
tetrahydrofuran. 0.5 mL). After 3 minutes, methyl iodide (0.1 mL) was added, and the mixture 
was stirred for 10 minutes. Etiiyl acetate was added, and the mixture was washed widi water, 
dried, filtered, and evaporated. The residue was fractionated by preparative layer 
chromatography (developer chloroform / ethanol) to give 5.11-dihydro-ll-ethyl-ll-methyl-5- 
methyldipyrido[3,2-b:2',3'-e]azepine-6-one (0.006 g). 

Example 5 

1-Dihvdro-l l-diethvl -5-niftthvldiovridor ^.?-h-2'.3'.elazepine-6-one 





To a stirred solution of N-(2-chloro-3-pyridinyl)-N-metiiyl-2-methylnicotinamide (0.523 g) in 
tetrahydrofuran (10 mL) under nitrogen, cooled to -10 "C. was added dropwise sodium 



-24- 



wo 99/07380 



PCT/US98/16707 



bis(triinethylsilyl)aimde (IM in tetrahydrofuran. 5 mL). The mixture was allowed to wann to 
room temperature, and after 15 minutes ethyl iodide (0.30 mL) was added. After 15 minutes, 
methanol (1 mL) and ethyl acetate were added. The mixture was washed, dried (Na2S04). 
filtered, and evaporated. Chromatography of the residue over silica gel (ethyl acetate / hexane) 
gave 5,1 l-dihydro-l l-diethyl.5-methyM0-oxodipyrid[3,2-b:2'.3*-e]azepine-6-one (0.098 g). 

Example 6 

5,1 l-Dihydro-l l-spirocyclopentvl -5-methvlHipvri d of3.2-b:2',^'.ftla2epine-6-one 



I 

o 






me 



5,ll-dihydro-S-metIiyl.lO-oxodlpyrid[3^b:2»^'^]azepine-6-or 

To a stirred solution of N-(2-chloro-3-pyridinyl)-N-methyl-2-methylnicotinamide N-oxide (1.02 
g) in tetrahydrofuran (20 mL) under argon at room temperature, was added dropwlse potassium 
tert-butoxide (IM in tetrahydrofuran, 7 mL). After 30 minutes, water was added, the mixture 
was diluted with methylene chloride, and the organic phase was separated, washed, dried 
(Na2S04), filtered, and evaporated. Trituration of the residue gave 5,1 l-dihydro-5-methyl-lO- 
oxodipyrid[3,2-b:2',3'-e]azepine-6^ne (0.76 g) which was used directly in the next step. 
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5,ll-dlhydro-5-methyl-10HJipyrid[3^-b:2'^'-e]azepine-6-one 

To a solution of 5.1 l.dihydro.5-methyl-10-oxodipyrido[3.2-b:2',3'-elazepine-6-one (0.199 g) in 
chloroform (3 mL) was added Lawessons reagent (0.140 g). The mixture was stirred for 30 
minutes. Chromatography of the reaction mixture directiy over silica gel (ethyl acetate / ethanol) 
gave 5,1 l-dihydro-5-methyldipyrido[3,2-b:2',3'-€]azepine-6-one (0.172 g). 

5,ll.Dihydro-ll-spIrocydopentyl.5-methyIdlpyridoI3>b:2',3'-e]azeplne.6-one. 

To a solution of 5.1 l^iihydro-5-methyldipyrido[3,2-b:2',3'-e]azepine-6-one (0.069 g) in 
DMSO (0.6 mL) stirred at room temperature, was added potassium tert-butoxide (IM in 
tetrahydrofuran, 0.4 mL). After 2 minutesl ,4-diiodobutane (0. 11 g) in DMSO (0.3 mL) was 
added. After 10 minutes, additional potassium tert-butoxide (0.4 mL) was added, and the 
mixture was stirred for 1 hour. The mixture was diluted with ethyl acetate, washed with water, 
dried, filtered, and evaporated. Fractionation of the residue by preparative layer 
chromatography gave 5,1 1-Dihydro-l l-spirocyclopentyl .5-methyldipyrido[3.2-b:2',3'- 
e]azepine-6-one (0.019 g). 
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Example 7 

5,ll-DihYdro-n-ethvl-2-methoxv-S-methYl -l()-oxodipvridof3.2-b:2\3'-e1azeDine-6-Qn^ 




N-(2-Broiiio-6-inethoxy-3-pyridinyI).2-inethylnicotiiiainide 

To a suspension ofpotassium2-methylnicotinate(1.96g)incWoroform(30niL) was added 
thionyl chloride (2.5 mL) . The mixture was stirred overnight at room temperature under a 
drying tube. Diisopropylethylamine (5 mL) was added followed by 3-amino-2-bromo-6- 
methoxypyridine (2.25 g). After 10 minutes additional diisopropylethylamine (5 mL) was 
added. After 2 hours the mixture was diluted with chloroform, washed with water, dried 
(Na2S04,) filtered, and evaporated. Chromatography of the residue over silica gel (chloroform 
/ methanol) gave N-(2-bromo-6-methoxy-3-pyridinyl)-2-methylnicotinamide (2.80 g). 

NK2-Broiiio-6-methoxy-3-pyridinyl)-N-inethyl-2-methylnicotinamideN-oxide 

To a stirred solution of N-(2-bromo-6-methoxy-3-pyridinyl)-2-methjinicotinamlde (1.61 g) in 
DMSO (5 mL) was added sodium bis(trimethylsilyl)amide (IM in teti^ydiofuran, 5.5 mL) 
followed by methyl iodide (0.25 mL). After 15 minutes, the mixture was diluted with ethyl 
acetate, washed with water, dried (Na2S04), filtered, and evaporated. The residue was 
dissolved in acetic acid (5 mL) and 32% peracetic acid (5 mL), and was heated at 100 for 1 
hour. The solvents were evaporated under reduced pressure. The residue was taken up in 
chloroform and washed with 5% aqueous sodium hydroxide. The organic phase was dried, 
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filtered, and evaporated to give N-(2-bromo-6-methoxy-3-pyridinyl)-N-methyl-2- 
metbylnicotinamide N-oxide which crystallized from ethyl acetate, (1.51 g). 

541-dlhydro.ll-ethyl-^iiiethoxy.5-methyl-10.oxodipyrid[3>b:2'^'-e]azepine-6.one 

To a stirred solution of N-(2-bromo-6-methoxy-3-pyridinyl)-N-methyl-2-methylnicotinanude 1 
oxide (0.655g) in tetrahydrofiiran (15 mL) under argon was added dropwise potassium tert- 
butoxide (IM in tetrahydrofiiran, 4 niL). The mixture was stirred at room temperature for 45 
minutes, and ethyl iodide (0.2 mL) was added. After 1 hour, the mixture was diluted with 
chloroform, washed with water, dried (Na2S04), filtered, and evaporated. Chromatography o: 
the residue over silica gel (methylene chloride / ethanol) 5.1 l-dihydro-ll-ethyl-2-methoxy-5- 
methyl-10-oxodipyridI3,2-b:2*,3'-e]azepine-6-one which crystalUzed on trituration with etho- 
(0.416 g). 

Example 8 

5. 1 1 -Dihvdro- 1 1 -ethvl-2-methoxv-5-methvl-dipvridor3.2 -b;2' .3 '-elazepine-e-one 




5,ll-dlhydTO-ll-ethyl.^inethoxy-S-methyl-10-oxodipyrid[3>b:2'^'-e]azepine-6.one. 

A mixture of 5,ll-dihydro-ll-ethyl-2-methoxy-5-methyl-10-oxodipyrid[3,2-b:2*.3'-e]azepine- 
6-one (0.041 g). and Lawessons reagent (0.030 g) in xylene (1 mL) was heated at 100 "C in a 
sealed tube for 2 hours. The mixture was fractionated directly by preparative layer 
chromatography (developer ethyl acetate / hexane 1/1) to give 5.11-dihydro-ll-ethyl-2- 
methoxy-5-methyl-10-dipyrid[3,2-b:2'.3*-e]azepine-6-one (0.022 g). 
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Example 9 

541-DihYdro-llKiiethvl-2-methoxv-5-methvl-rfip Y ndor3.2-br2\:t'-ft)azeDine-6-one 



CH,0 




CH,0 




5,ll.Dihydro.llHiiethyI-2-methoxy.5.iiiethyl^pyrido[3^.b:2'3'-e]aM^^^ 

To a stirred solution of 5.11-dihydro-ll-ethyI-2-methoxy-5-methyl-10-dipyrid[3,2-b:2',3'- 
e]azepine-6K)ne (0.032 g) in DMSO (1 mL) was added potassium tert-butoxide (IM in 
tetrahydrofuran.0.3mL). After 5 minutes, ethyl iodide (0.1 mL) was added. After 20 minutes, 
the mixture was diluted with etiiyl acetate, washed witii water, dried, filtered, and evaporated. 
Fractionation of tiie residue by preparative l^er chromatography (developer, ethyl acetate / 
hexane) gave 5.1 1-dihydro-l l-<iiethyl-2-methoxy-5-methyl-dipyiido[3.2-b:2'.3*^]azepine-6- 
one (0.024 g). 



Example 10 

5,ll-Dihvdn)-n-methvlthio-2-methoxv-5.m«.thyl - iO-oxodip vrirfn r3.2.b:2\3^ 




CH3O 

To a stirred solution of N-(2-bromo-6-metiioxy-3-pyridinyl).N-mediyl-2-metiiylnicotinamide N 
oxide (0.709 g) in tetrahydrofuran (15 mL) was added sodium bis(trimetiiylsilyl)amide (IM 
tetrahydrofuran. 6 mL). After 2 hours, dimetiiyldisulfide (0.4 mL) was added and the mixture 
was stirred at room temperature overnight. The mixture was diluted with chloroform, washed 
with water, dried, filtered, and evaporated. Chromatography of the residue over sUica gel 



m 
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(chloroforai/ethanol) gave 5,1 1-dihydro-l l-methylthio-2-methoxy-5-methyl-10- 
oxodipyrido[3,2-b:2*,3'-elazepine-6-one (0.183 g). 



Example 11 

;>.11-Dihvdro-ll-niethvltMo-2-methQxv-5-m ethvl-diDvridQr3-2-h:2\3'-ela7^Dine-6-one 



CH,0 




CH3O 




A mixture of 5,1 1-dihydro-l l-methyUhio-2-methoxy-5-methyl-10-oxodipyrido[3,2-b:2',3'- 
elazepine-6-one (0.067 g) and Lawessons reagent (0.044 g) in xylene (3 mL) was stirred and 
heated at 90 'C for 20 minutes. The mixture was fractionated direcfly by preparative layer 
chromatography (developer, ethyl acetate/hexane) to give 5,1 1-dihydro-l l-methylthio.2- 
methoxy-5-methyl-dipyrido[3,2-b:2',3'-e]azepine-6-one (0.061 g). 



Fx am ple 12 

V 1 1 -Dihvdro-l l-methvl-l l.methvlthio.2.meth o xv-S.methvl-dinvridor3,2-b;2\3'-e1azepine-6- 



one 



CH3O 




CH3O 




/- / 
To a solution of 5, 1 Mihydro-1 l-niethylthio-2-methoxy-5-methyl-dipyrido[3.2-b:2',3'- 
elazepine-6-one (0.031 g) in DMSO (0.5 mL) stirred under argon was added potassium tert- 
butoxide (IM in tetrahydiofuran, 0.012 mL). After 1 minute, methyl iodide (0.05 mL) was 
added. After 5 minutes the mixture was diluted with ethyl acetate, washed with water, dried, 
fUtered and evaporated, ftactionation of the residue by preparative layer chromatography 
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(developer, ethyl acetate/hexane) gave 5.11-dihydro-ll-niethyl-l l-methylthlo-2-methoxy-5- 
methyl-dipyrido[3.2-b:2',3'-e]azepine-6-one (0.029). 

Example 13 

5,ll-Dihydro-ll-ethYl-2-(4-nvrazolvlV5-mefhvl ^ Dvridor3.2-h:2\3^ela7^pinp.-fi-nn^ 




541.DIhydn>-ll^thyl.2-trffluorometlian€SuIfonyloxy-5-inethyI-dipyrido[3;2.b:2'^'. 
e]azepine-6^iie 

A solution of 5,1 1-dihydro-l l-ethyl-2-methoxy-5-methyl-dipyrido[3,2-b:2',3'-e]azepine-6-one 
(0.181 g) in acetic acid (1 mL) and 48% HBr in acetic acid (1 mL) was heated at 1 10 °C for 10 
minutes. The mixture was cooled, neutralized with saturated sodium bicarbonate, and extracted 
withchlorofonn. The organic phase was dried, fdtered and evaporated to give 5,11-dihydro- 

ll-ethyl-2-hydroxy-5-methyl-dipyrido[3,2-b:2'.3'-e]azepine-6-one (0.176 g) which was used 
directly in the next reaction. 

To a solution of 5,1 l-dihydro-l l-ethyl-2-hydroxy-5-methyl.dipyridot3,2-b:2',3'-e]a2epine-6. 
one (0. 176 g) in chloroform (10 mL) cooled on ice was added triethylamine (0.25 mL) followed 
by triflic anhydride (0.2 mL). After 10 minutes, the mixture was diluted with ethyl acetate, 
washed with water, dried, filtered, and evaporated. Chromatography of the residue over silica 
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gel (ethyl acetate/hexane) gave 5,1 l-dihydro-l l-ethyl-2-trifluoromethanesulfonyloxy-5-inethyl- 
dipyrido[3,2-b:2',3'-e]azepine-6-one (0.165 g). 

S41.I>ihydro.ll^thyl-2K4-pyrazolyl)-5-methyl-dipyridot3>b:2'^'-elazepine-6-one 

A mixture of 5,1 l-<iihydro-l l-ethyl-2-trifluoromethanesulfonyloxy-5-methyl-dipyrido[3,2- 
b:2*,3'-elazepine-6-one (0.084 g), 4-tributylstaimylpyrazole (0.096 g), lithium chloride (0.052 g) 
and Pd(Ph3P)2Cl2 (0 009 g) in dimethylformamide (1 mL) was heated at 120 in a sealed tube 
16 hours. The mixture was diluted with ethyl acetate, washed with water, dried, filtered and 
evaporated. Chromatography of the residue over silica gel (ethyl acetate/hexane) gave 5,1 1- 
dihydro-l l-ethyl-2-(4-pyrazolyl)-5-methyl-dipyrido[3>b:2',3'-e]azepine-6-one (0.010 g). 



Example A 



A-1 


A-2 


Ingredients 


Quantity 


Ingredients 


Quantity 


Compound of Ex. 12 


250 mg 


Compound of Ex. 12 


50 mg 


Starch 


160 mg 


Dicalcium Phosphate 


160mg 


Microcrys. Cellulose 


90 mg 


Microcrys. Cellulose 


90 mg 


Na Starch Glycolate 


10 mg 


Stearic acid 


5mg 


Magnesium Stearate 


2mg 


Sodium Starch Glycolate 


10 mg 


Fumed colloidal silica 


Img 


Fumed colloidal silica 


1 mg 



The compound of Example 13 is blended into a powder mixture with the premixed excipient 
materials as identified above with the exception of the lubricant. The lubricant is tiien 
blended in and the resiUting blend compressed into tablets or filled into hard gelatin capsules. 
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EXAMPLE B 



Parenteral Solutions 



Ingredients 


Quantity 


Compound of 
Example 12 


SOQmg 


Tartaric acid 


1.5g 


Benzyl Alcohol 


0.1% by weight 


Water for injection 


q.s. to lOOmL 



The excipient materials are mixed with the water and thereafter the compound of Example 13 
is added. Mixing is continued until the solution is clear. The pH of this solution is adjusted 
to 3.0 and is then filtered into the appropriate vials or ampoules and sterilized by autoclaving. 

EXAMPLE C 



Nasal Solutions 



Ingredients 


Quantity 


Compound of 


lOOmg 


Example 12 




Citric acid 


1.92g 


Benzalkonium 


0.025% by weight 


chloride 


EDTA 


0.1 % by weight 


Polyvinylalcohol 


10% by weight 


Water 


q.s. to lOOmL 



The excipient materials are mixed with the water and thereafter the compound of Example 13 
is added and mixing is continued until the solution is clear. The pH of this solution is adju- 
sted to 4.0 and is then filtered into the appropriate vials or ampoules. 
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What Is Claimed Is: 



1 . A compound of the formula 1 



\ 



o 



R3 




R2 X 



R1 



1 



wherein: 

X is an oxygen atom or nothing; 

is hydrogen, allqfl of 1 to 4 carbon atoms, fluoroalkyl of 1 to 4 carbon atoms and 1 to 3 
fluorine atoms, cycloalkyl of 3 to 6 carbon atoms, alkylthio of 1 to 2 carbon atoms, alkyloxy 
of 1 to 2 carbon atoms, oxetanyl, thietanyl, tetrahydrofuranyl, tetrahydrothienyl, 
tetrahydropyranyl, tetrahydrothiopyranyl, alkenylmethyl or alkynylmethyl of 3 to 4 carbon 
atoms, alkyloxyalkyl or alkylthioalkyl of 2 to 3 carbon atoms, alkanoyl or alkyl(thiocarbonyl) 
of 2 to 5 carbon atoms, or cyanoalkyl of 2 to 3 carbon atoms; 

is hydro^n, methyl or ethyl; 

R' is a hydrogen atom, alkyl of 1 to 6 caibon atoms, cycloalkyl of 3 to 6 carbon atoms, 
alkenyl or alkynyl of 2 to 6 carbon atoms, trihalomethyl, hydroxyalkyl of 1 to 6 carbon atoms, 
allqrloxy or alkylthio of 2 to 6 carbon atoms, alkyloxyalkyl or alkylthioalkyl of 2 to 6 carbon 
atoms, pyrrolidinyl, pyrrolinyl. piperidmyl, mono- or di-alkylamino wherein each allqrl 
moiety contains 1 to 3 caibon atoms, halogen, cyano, nitro, or carboxyl, aryl (wherein aryl is 
phenyl, pyridinyl, thienyl, fiiranyl, pyrrolyl, imidazolyl, pyrazolyl, oxazolyl, isoxazolyl. 
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thiazolyl or isothiazolyl) which is either unsubstituted or substituted by hydioxyl. amino, 
halogen, alkyl or alkyloxy of 1 to 3 carbon atoms. 



2. A compound of formula 1, as set forth in claim 1, 



wherein: 



X is nothing; 



R' is hydrogen, alkyl of 1 to 3 carbon atoms, cycloalkyl of 3 to 4 carbon atoms, alkylthio of 1 
to 2 carbon atoms; 

R^ is hydrogen, methyl or ethyl; 

R' is a hydrogen atom, methyl, trihalomethyl. alkyloxy or alkylthio of 1 to 2 carbon atoms, 
pyirolidinyl. pyirolinyl. piperidinyl, di-alkylamino wherein each alkyl moiety contains 1 to 2 
carbon atoms, halogen, cyano, aryl (wherein aiyl is phenyl, pyridinyl, thienyl, furanyl, 
pynolyl, imidazolyl. pyrazolyl, oxazolyl. isoxazolyl, thiazolyl or isothiazolyl) which is either 
unsubstituted or substituted by hydroxyl. amino, halogen, alkyl or alkyloxy of 1 to 3 carbon 
atoms. 



3. 5,1 1 dihydio-1 l-ethyl-2-methoxy5.methyl-dipyrido[3,2-*:2',3'-e]azepine-6-one: 
5,ll-dihydro-ll-ethyl-2-(4-pyrazolyl)-5-methyl-dipyrido[3.2-b:2',3*-e]azepine-6-one. 
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and the pharmaceutically acceptable salts thereof. 



4. A method for inhibiting HIV-1 replication in a human host infected by HIV-1, which 
comprises administering to such host an amount of a compound of formula 1, as set forth in 
claims 1, 2, or 3, or a pharmaceutically acceptable salt thereof, which is sufficient to inhibit 
HIV-1 replication. 



5. A method for treating HIV- 1 infection which comprises administering, to a human 
being exposed to or infected by HIV-1, a ttierapeutically effective amount of a compound of 
formula 1, as set forth in claims 1. 2. or 3, or a pharmaceutically acceptable salt tiiereof. 



6. A phannaceutical composition suitable for treating HIV-1 infection which comprises a 
therapeuticaUy effective amount of a compound of formula 1. as set fortii in claims 1, 2. or 3, 
pharmaceutically acceptable salt thereof, and a pharmaceutically acceptable carrier. 



or a 
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